Spectral Doppler image, peak systolic velocity in the location of aorta coarctation was significantly elevated (range, 2.3~4.8 m/s). When infrarenal aorta was involved, a tardus-parvus waveform was only seen in the distal aorta. When suprarenal or inter-renal aorta was involved, a tardus-parvus pattern was seen in the distal aorta as well as renal artery.
| INTRODUCTION
The middle aorta refers to the distal thoracic aorta and the proximal abdominal aorta with its major branches including coeliac artery (CA), superior mesenteric artery (SMA), inferior mesenteric artery (IMA) and bilateral renal artery (RA). Middle aorta syndrome (MAS) is an uncommon condition characterized by significant segmental narrowing leading to a series of complex and severe clinical symptoms. 1 MAS is usually found in children and young adults. To the best of our knowledge, there have been few case reports in recent years that describe the diagnostic and medical or surgical management of MAS, [1] [2] [3] [4] 
| MATERIALS AND METHODS
This study was approved by the Ethics Committee of our hospital with a waiver of informed patient consent as this was a retrospective study. All patient-sensitive information was protected with full confidentiality and only used for the purposes of this study.
Eleven patients were confirmed as MAS by angiography including digital subtraction angiography (DSA) or computed tomography angiog- : suprarenal, interrenal, and infrarenal stenoses. Stenosis above the celiac artery or SMA is classified as "suprarenal," stenosis below the SMA and between the renal arteries as "interrenal," and stenosis below the renal artery as "infrarenal". 2, 5, 6 The kidneys and retroperitoneum were scanned carefully by abdominal ultrasound in order to exclude renal parenchymal abnormalities and retroperitoneal masses, as well. The anatomic features (including location, length and diameter) of stenostic vessels were recorded. Peak systolic velocity (PSV), end diastolic velocity (EDV), and resistance index (RI) were measured, especially the flow spectral morphology of the narrowed and distal vessels was observed. In addition, when stenosis in the renal arteries were combined, the renal function was evaluated.
| RESULTS
Eight females (72.73%) and 3 males (27.27%) were included. The median age of 11 patients was 10 years (1-39 years). 10 cases (90.91%) presented with hypertension, 2 cases (18.18%) presented with symptomatic intermittent claudication (Cases 4 and 10 in Table 2 ), and 1 case (9.09%) presented with abdominal pain (Case 3 in Table 2 ). In addition, renal function insufficiency was seen in 3 patients (27.27%; list in Table 1 ).
The aortic segmental stenosis was suprarenal in 8 cases (72.73%), interrenal aorta in 2 cases (18.18%) and infrarenal in 1 case (9.09%).
Renal artery was involved in 10 cases (90.91%), of which 6 cases (54.55%) were bilaterally affected. CA was involved in 6 cases (54.55%), and SMA in 7 cases (63.64%), respectively. There was no stenosis or occlusion found in IMA. Visceral artery aneurysms, typically post-stenotic, were also recognized in 2 cases (18.18%; list in Table 1 ). In the series, there was a occluded lesion of CA in only 1 patient (Case 3 in Table 2 ), and no occlusion in the aorta.
On gray-scale image, segmental narrowing or tortuosity was detected in the distal thoracic and the abdominal aorta. The length and diameter of stenostic aotic were recorded in 9 cases (range 0.86~4.5 cm and 0.39~0.98 cm, respectively, list in Table 2 ). Color Doppler demonstrated aliasing and spectral Doppler showed elevated PSV in the narrowed vessels (range 2.30~4.8 m/s), and a tardus-parvus waveform was seen in the vessels distally of the stenosis (list in Table 2 and Figures 1 and 2). When suprarenal or inter-renal aorta was invovled, a tardusparvus waveform was also seen in the bilateral renal artery.
| DISCUSSION
MAS is a rare disease resulting in significant tubular narrowing in the distal thoracic aorta, or abdominal aorta, or both, accounting for 0.5%-2% of aortic coarctation CoA. 7 Congenital coarctation of the thoracic aorta at the ligamentum arteriosum (aortic isthmus) or the aortic arch is well recognized, but MAS is often ignored and difficultly diagnosed.
MAS has also been named as subisthmic coarctation, hypoplasia of the abdominal aorta, mid-aortic dysplastic syndrome, atrophy of aorta, and atypical coarctation. The etiologies of MAS are diverse, including congenital developmental anomaly, inflammatory aortitis, neurofibromatosis, and Williams syndrome. Takayasu arteritis is one of the most common causes of MAS in adults. 2, [7] [8] [9] MAS is usually diagnosed in children or young adults. The median age at diagnosis was 10 years (range from 1 to 39 years). Six cases were females. Sethna et al. 10 reported more than 90% of renal artery was involved. In this article, renal artery was involved in 10 cases (90.91%), of which 6 cases (54.55%) were bilaterally affected, consistent with previous literatures. resistance and/or renovascular for the stimulation of the renin-angiotensin system. In this study, the symptoms and signs of lower extremity claudication and weak or absent femoral pulses were found in 2 cases (18.18%, Cases 4 and 10 in the Table 2 ). The diameter of vascular involvement in Cases 4 and 10 were respectively 0.39 and 0.50 cm, which were related to the highest velocity Although the stenosis of the SMA and CA was respectively found in 6 cases (54.55%) and 7 cases (63.64%), of which only 1 case (9.09%) presented with abdominal pain. MAS rarely leads to symptomatic intestinal ischemia, 12 probably because the occlusion of the vessels occurs gradually, giving opportunity for extensive mesenteric collateral circulation to form.
| Clinical manifestations and diagnosis of MAS
Prior to effective anti-hypertensive medications, the morbidity and mortality from hypertensive was very high. Early detection and surgical correction are important. Surgical intervention was indicated in patients with refractory hypertension and deteriorating renal functions. When technically feasible, surgical treatment remains a better way to reduce the symptoms, to increase the quality of life, and ultimately to increase life expectancy, especially in infants. 4, 13 MAS can be demonstrated by DSA, CTA, and magnetic resonance (MR) angiography 8,13-15 which can be used to define the exact extent of the disease and to guide surgical therapy. However, the radiation Spectral Doppler ultrasound image of the right kidney and the distal aortic both showed a tardus-parvus waveform with strikingly low resistive index (0.32 and 0.48, respectively). DSA image showed severe segmental narrowing of the suprarenal aorta (arrow). DSA, digital subtraction angiography; PSV, peak systolic velocity exposure from CT and safety issues of gadolinium in MR imaging are need to be considered, especially for children. In clinical, discrepancies between arm and leg blood pressure and the presence of bruits can aid in the diagnosis of MAS. However, these signs are not obvious or can be overlooked. Due to lack of ionizing radiation exposure, relative low cost and widespread availability, color Doppler ultrasound may be a useful technique to aid in the diagnosis of MAS.
| Ultrasonographic features of MAS
Gray-scale ultrasound assessment of the kidneys and retroperitoneum was performed to exclude renal parenchymal abnormalities and retroperitoneal masses (including adrenal or extra-adrenal pheochromocytomas and adrenocortical neoplasms), which might be a source of secondary hypertension. On account of the tiny diameter and/or gastrointestinal gas interference, it was difficult to find the location of stenosis accurately and to estimate the extent of stenosis by Grayscale ultrasound. Therefore, the anatomic morphological indexes (the length and diameter of stenotic aortic) were measured in only 9 cases.
At present, the diagnosis of stenosis of tiny aorta and visceral artery is mainly based on hemodynamic indexes by spectral Doppler ultrasound. [14] [15] [16] [17] In this study, color Doppler imaging showed bright areas of aliasing and turbulence in the narrowed vessels. Then, spectral Doppler was used to assess the velocities of the arterial narrowing, which is considered as a "direct" approach. Stenosis of the aorta resulted in a significantly higher PSV and EDV. Spectral Doppler evaluation is also based on the morphology of the arterial waveform. [16] [17] [18] [19] The waveform distal to an area of arterial narrowing can provide additional information, which have been proposed as "indirect" signs of upstream artery with significant stenosis. A study by Stavros et al. 20 concluded that visual waveform assessment can be both highly sensitive and specific for the detection of more proximal arterial narrowing.
The waveform has been termed as tardus-parvus. 
